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(54) Reforming apparatus 

(57) A reforming apparatus of the type comprising 
an indirect heat exchange zone (5) for the reforming 
reaction of a gaseous flow comprising methane and 
steam into CO, C0 2 , and H 2 , is distinguished by the fact 
that it comprises advantageously a plurality of floating- 
head tubes (6) containing a reforming catalyst, a cham- 
ber (9) for collection of the reaction products positioned 
downstream of the tubes (6), and a duct (15) open in 
said chamber (9) for extraction of the reaction products 
from the apparatus. 
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Description 

Field of application 

The present invention relates to a reforming appa- 
ratus of the type comprising an indirect heat exchange 
zone for the reforming reaction of a gaseous flow com- 
prising methane and steam into CO. CO z and H 2 . 

In the description given below and in the following 
claims, the term: "methane" is generally understood to 
mean a raw material which is a source of hydrogen and 
carbon such as e.g. methane itself or a mixture of liquid 
and/or gaseous hydrocarbons such as natural gas and 
naphtha. 

As known, in the field of methane reforming to 
obtain hydrogen and carbon which are indispensable for 
the synthesis of products such as ammonia and/or 
methanol, the requirement to make available an appara- 
tus which on the one hand allows obtaining a reforming 
reaction of the methane as complete as possible and on 
the other hand requires low energy consumption and 
investment and maintenance costs and is easy to imple- 
ment is ever more pressing. 

Prior art 

To satisfy the above mentioned requirement, an 
exchanger-type reforming apparatus, i.e. having a heat 
exchange zone for the methane reforming reaction, has 
been proposed in the industry. 

In this apparatus, the high quantity of heat neces- 
sary for the endothermic reforming reaction is supplied 
by indirect heat exchange with a flow of heating gas fed 
to such apparatus. 

In particular, in ammonia plants where the methane 
reforming reaction is performed in two distinct sections 
called primary and secondary reforming with the latter 
operating at a higher temperature than the former, it is 
possible to utilize the hot reacted gas coming from the 
secondary reforming section as a heat source for the 
primary reforming section. 

The exchanger type reforming apparatus is gener- 
ally used in the state of the art in ammonia, methane or 
hydrogen synthesis processes to replace the conven- 
tional primary reformer, as described for example in EP- 
A-0 298525. 

Although advantageous in many ways the above 
described apparatus displays a series of drawbacks the 
first of which is being of very complex construction 
requiring high investment costs. 

Indeed, this apparatus comprises in it a plurality of 
bayonet-type tubes, i.e. consisting of an external tubular 
element with blind end for indirect heat exchange 
between the heating gas flow and the gaseous reagents 
(methane and steam), and an internal tube for extrac- 
tion of the reaction products. 

As may be readily imagined, a structure of this type 
is complex and costly to construct, difficult to access for 



maintenance operations, and involves larg skiameter 
reforming apparatus. 

In addition, since the reforming reaction is of the 
catalytic type, it is necessary that the annular space 

s defined between the external tubular element and the 
internal tube is filled uniformly with catalyst and that the 
catalyst is replaced periodically. These operations are 
clearly hindered or at least made difficult by the pres- 
ence of the internal tube. 

io Lastly, the use of bayonet-type tubes displays dis- 
advantages even from the energy viewpoint, because 
there is significant undesired heat exchange between 
the reacted gas flow and the reacting gas flow, with the 
added risk of occurrence of metal dusting corrosion of 

is the internal tube due to the reacted gas H the latter is 
cooled excessively. 

JP-A-41 54601 describes a reforming apparatus of 
the exchanger type comprising a plurality of individual 
tubes filled with catalyst and outside which flows the 

20 heating gas. 

The tubes are affixed at their ends to respective 
tube plates which are also appropriately affixed to the 
reforming apparatus. 

Although simpler to construct and operate than the 

25 bayonet tubes the heat exchange tubes described in 
JP-A-41 54601 display the serious disadvantage that 
they are not free to expand if subjected to high temper- 
atures - as in the case of the reforming reaction - with 
the risk of cracking or even breakage thereof and thus 

30 mixing of the reacting gas with the heating gas and 
damage to the apparatus. 

It follows that this type of apparatus not only entails 
high maintenance costs for replacement of defective 
tubes, but is not able to ensure optimal and reliable long 

35 term operation. 

Because of these disadvantages, the exchange- 
type reforming apparatus according to the prior art has 
heretofore found little application despite the ever more 
urgently fett requirement in the industry. 

40 

Summary of the invention 

The problem underlying the present invention is to 
make available a reforming apparatus which would be 

45 simple to implement, reliable, and would provide a 
methane reforming reaction as complete as possible 
with low investment, operating and maintenance costs 
as well as low energy consumption. 

The above mentioned problem is solved according 

so to the present invention by a reforming apparatus for the 
conversion of methane and steam into CO, C0 2 and H 2 
of the type comprising: 

• a substantially cylindrical external shell in which are 
55 defined an indirect heat exchange zone and a zone 
tor feeding a gaseous flow comprising methane and 
steam to the indirect heat exchange zone; 
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- an opening formed in said shell for feeding in said 
indirect heat exchange zone a heating gas flow as 
heat source for said conversion; 
and which is characterized in that it also comprises: 

- a plurality of floating-head tubes containing a 
reforming catalyst, extending longitudinally in 
said indirect heat exchange zone and in fluid 
communication with said feeding zone; 

- a chamber for collecting a gaseous flow com- 
prising CO, C0 2 . and H 2 obtained from said 
conversion and positioned downstream of said 
tubes; 

- a duct open in said collection chamber for 
extracting from the shell said gaseous flow 
comprising CO, CO2, and H 2 . 

In the description given below and in the following 
claims, the term: "floating-head tubes" is understood to 
mean tubes having at least one end (head) structurally 
free to move (floating) to allow heat expansion of the 
tubes. 

Advantageously, the reforming apparatus accord- 
ing to the present invention calls for a collection cham- 
ber for the reacted gas in fluid communication with a 
plurality of tubes containing catalyst for indirect heat 
exchange, and a duct for extraction of this gas from the 
shell. 

In this manner, all the gas - once the reforming 
reaction has taken place - is collected in the same 
chamber and extracted by means of a single duct. 

Thanks to this particular structure, it is possible to 
obtain exchange-type reforming apparatus which is reli- 
able, extremely simple to construct and has low imple- 
mentation costs and which is at the same time effective 
as regards methane reforming reaction, without the 
drawbacks typical of the prior art apparatus. 

In particular, maintenance operations and loading 
or replacing the catalyst in the tubes are facilitated by 
the presence of a plurality of individual floating-head 
tubes independent of one another. 

In addition, since the reacted gas is all collected in 
a single chamber and extracted from the shell by means 
of a duct which is thermally independent of the heat 
exchange tubes, the undesired heat exchange between 
the reacted gas and the reacting gas is advantageously 
eliminated to avoid the danger of metal dusting corro- 
sion of the extraction duct and to reduce operating costs 
as compared with the prior art apparatus. 

According to a preferred embodiment of the appa- 
ratus in accordance with the present invention, the 
extraction duct is advantageously arranged coaxially 
with said shell and extending parallel to said tubes 
through the indirect heat exchange zone and the feed- 
ing zone, from the collection chamber to a gas outlet 
opening from the shell. 



In this manner, there is obtained a very simple and 
compact structure, permitting at the same time effective 
compensation for the expansion of the different parts of 
the apparatus caused by the different thermal stress to 
5 which these parts are subject and by the use of different 
materials. 

In particular, it is possible to appropriately and reli- 
ably compensate the different expansion rates to which 
the heat exchange tubes and the reacted gas extraction 
10 duct are subjected, without thereby having to give up 
extremely simple apparatus from the structural point of 
view. 

Indeed, thanks to the special arrangement of the 
extraction duct there is advantageously obtained a col- 
ts lection chamber which is also of the floating type, with 
the heat exchange tubes and the extraction duct free to 
expand in mutually opposite directions with respect to 
the feeding zone. 

In this manner, the different expansion rates of the 
20 materials not only do not create mechanical problems 
for the apparatus but can be mutually compensated in a 
certain manner. 

Advantageously, according to this embodiment, 
between said duct and a tube plate positioned between 
25 said feeding zone and said heat exchange zone as 
between said duct and said shell, there are provided 
suitable gas sealing means so as to avoid undesired by- 
pass of the reaction gas or reacted gas and at the same 
time to permit the different heat expansion rates of the 
30 apparatus. 

Thanks to the present invention, the gas sealing 
means which ensure correct operation of the apparatus 
are reduced to the minimum and concentrated between 
the extraction duct, the tube plate and the external shell 
35 only. 

Preferably, the gas sealing means are arranged 
near said outlet opening so as to facilitate access to the 
gas sealing means and thus simplify and aid mainte- 
nance thereof. 

40 The characteristics and advantages of the present 
invention are set forth in the description of an embodi- 
ment thereof given below by way of non-limiting exam- 
ple with reference to the annexed drawings. 

45 Brief description of the drawings 

In the drawings: 

- FIG 1 shows a longitudinal cross section view of a 
so reforming apparatus according to the present 

invention; 

- FIO 2 shows a longitudinal cross section view of a 
part of the apparatus of FIG 1 , modified in accord- 

55 ance with a preferred embodiment of the present 
invention; 

- FIG 3 shows a longitudinal cross section view in 
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enlarged scale of a detail of the apparatus of FIG 2. 
Petailed description of g preferred embodiment 

With reference to figures 1-3, reference number 1 
indicates as a whole a reforming apparatus according to 
the present invention for the reforming reaction of a gas- 
eous flow comprising methane and steam. 

The apparatus 1 comprises a substantially cylindri- 
cal external shell 2 in which extends over the entire 
cross section thereof a tube plate 3 dividing the shell 2 
in an indirect heat exchange zone 5 and a zone 4 for 
feeding a gaseous flow comprising methane and steam 
to the zone 5. 

A plurality of floating heat tubes, all indicated by ref- 
erence number 6. extend longitudinally in the indirect 
heat exchange zone 5 from the tube plate 3. 

The tubes 6 define within them a zone (not shown) 
for housing a reforming catalyst of known type. In addi- 
tion, the tubes 6 have a first end 7 in fluid communica- 
tion with the zone 4 and a second end 8 in fluid 
communication with a chamber 9 for collecting a gase- 
ous flow comprising CO, C0 2 , and H 2 obtained from the 
reforming reaction. 

Reference number 10 indicates a tube plate 
arranged between the tubes 6 and the chamber 9, in the 
second end 8. 

The shell 2 is also equipped - in the indirect heat 
exchange zone 5 - with openings 1 1 and 12 which are 
respectively for inlet and outlet of a heating gas as heat 
source for the reforming reaction. 

Openings 13 and 14 are also defined in the shell 2 
at zone 4, respectively for inlet ol the reaction gas com- 
prising methane and steam and ouiiet of the readad 
gas comprising CO, C0 2 , and H 2 . 

Advantageously, a duct 15 is provided In the shell 2 
for extracting from the apparatus 1 the reacted gas. The 
duct 15 is in fluid communication with the chamber 9 
and the gas outlet opening 14. 

Thanks to the particular structure resulting from the 
presence of a plurality of individual tubes 6 in combina- 
tion with the chamber 9 and the reacted gas extraction 
duct 15, it is possible to secure an apparatus which is 
mechanically very simple and easy to implement as 
regards construction and which is at the same time 
extremely reliable and effective from the energy and 
reforming reaction conversion yield viewpoint. 

In the example of FIG 1, the extraction duct 15 is 
arranged coaxially with the shell 2 and extends parallel 
to the tubes 6 through the indirect heat exchange zone 
5 and the feeding zone 4. 

According to an alternative embodiment of the 
present invention (not shown), the duct 15 extends from 
the chamber 9 to the lower end of the apparatus 1 , and 
the outlet 14 is defined coaxially with and at the lower 
end of the shell 2. 

With respect to the example of FIG 1 , it is possible 
in this manner to increase in the zone 5 the useful space 



for arrangement of the tubes 6 with resulting increase of 
the heat exchange surface. 

Reference number 16 indicates generally gas seal- 
ing means for avoiding undesired by-pass of the reac- 
s tion gas or reacted gas. These means 16 also permit 
the different thermal expansions, in particular of the 
tubes 6 and the duct 15, so as to ensure optimal and 
reliable operation of the apparatus 1. 

The gas sealing means 16 are arranged, with refer- 
to ence to FIG 1 , between the duct 1 5 and the tube plate 3 
and between the duct 15 and the shell 2, while in the 
example of FIG 2 they are arranged between the duct 
15 and the tube plate 3 and between the tube plate 3 
and the shell 2. 
15 According to the embodiment of FIG 1, the gas 
sealing means 16 are advantageously all arranged in 
relation to a single part of the apparatus 1, i.e. the 
extraction duct 15, to simplify the arrangement of these 
means inside the apparatus as much as possible. 
20 To facilitate maintenance operations of the gas 
sealing means 16, the latter can be arranged near the 
reacted gas outlet opening 14 as shown in FIG 2. 

According to this preferred embodiment of the 
present invention, the gas sealing means 16 are 
25 arranged in relation to a tubular appendage 17 of the 
tube plate 3 extending from the latter towards the open- 
ing 14. 

Advantageously, the gas sealing means 16 are of 
the labyrinth type or of the compression ring type and 
30 preferably of the compression ring type. 

In the description given below, the term: "labyrinth 
sealing means" is understood to mean a seal created by 
the coupling of two parts of generally tubular shape, a 
male part and female part, with the first having its exter- 
35 nal surface indented so that, once coupled, there are 
created solid ridges and empty spaces (labyrinth) 
between the coupled parts which prevent gas passage. 

In the description given below, the term: "compres- 
sion ring sealing means" is understood to mean a seal 
40 created by a compression ring arranged between a cou- 
pled male part and female part to prevent gas passage. 

Thanks to this type of sealing means 16, it is possi- 
ble to ensure gas seal and permit reliable and lasting 
expansion compensation even for continuous, large 
45 expansion rates as in the case of reforming apparatus. 

FIG 3 shows in enlarged scale a detail of the 
reforming apparatus 1 of FIG 2 making clear the gas 
sealing means 1 6 of the compression ring type between 
the extraction duct 15 and the tubular appendage 17 of 
so the tube plate 3. 

The sealing means 16 comprise a plurality of com- 
pression rings 18 (preferably at least two), housed in 
respective cavities 19 of a cylindrical element 20 affixed 
to the end 21 of the extraction duct 15 preferably in a 
$5 removable manner, e.g. by means of bolts (not shown). 

The presence of the compression rings 18 between 
the duct 15 (male) and the appendage 17 (female) pre- 
vents passage of reacted gas into the heat exchange 
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zone 5 and at the same time permits the duct 15 to run 
along the appendage 17 to compensate expansion 
thereof. 

The gas seating means 16 of the reforming appara- 
tus 1 in the examples o1 FIGS 1 and 2 are preferably of 
the type shown in FIG 3. 

With respect to the labyrinth seal, use of compres- 
sion rings permits a series of advantages among which 
it is worthwhile mentioning: a more effective gas seal 
(less gas by-pass through the seal), greater structural 
flexibility (the gap between male and female can be up 
to 10 times greater than with labyrinth seals), and 
greater compactness of the sealing means (shorter for 
equal seal). 

This means that the piston-ring sealing means can 
ensure good gas seal even in case of impairment and/or 
misalignment of the male and female parts, as well as 
greater flexibility during assembly and adjustment oper- 
ations on the reforming apparatus 1, less sensitivity to 
the entry of foreign bodies and less seizure risk. 

The use of piston-ring sealing means extends 
advantageously to an apparatus for carrying out endo- 
thermic or exothermic chemical reactions in general, 
e.g. even to ammonia or methanol synthesis reactors, to 
ensure gas seal between structurally distinct parts hav- 
ing different thermal expansion rates. 

In FIGS 1 and 2, the arrows F1 and F2 indicate the 
various paths taken in the reforming apparatus 1 by the 
gaseous flow comprising methane and steam (reaction 
gas) and by the hot gas flow for indirect heat exchange 
respectively. 

Operation of the reforming apparatus according to 
the present invention is described herebelow. 

The operating conditions of temperature indicated 
in the present description are for a primary reforming 
apparatus. 

With reference to FIG 1, a gaseous flow F1 com- 
prising methane and steam (reaction gas), preheated to 
a temperature between 300°C and 500°C is fed to the 
feeding zone 4 of the apparatus 1 through the gas inlet 
opening 13 and made to pass into the tubes 6 (tube 
side) for the reforming reaction at a temperature 
between 500°C and 1 000°C. For this purpose, the tubes 
6 are appropriately filled with catalyst. 

The reforming reaction is made possible thanks to 
the heat transmitted by a hot gas flow F2 having a tem- 
perature between 900°C and 1100°C fed to the heat 
exchange zone 5 through the gas inlet opening 1 1 , The 
hot gas flow F2 flows outside the tubes 6 (shell side) 
and is discharged from the shell 2 through the gas outlet 
opening 12 at a temperature between 300°C and 
600°C. 

In particular, the hot gas flow F2 transmits the reac- 
tion heat by indirect heat exchange to the colder reac- 
tion gas flow F1 . 

The gaseous flow F1 comprising CO, C0 2 , and H 2 
obtained from the reforming reaction is discharged from 
the tubes 6 through the end 8, is collected in the cham- 



ber 9 and extracted from the apparatus 1 through the 
duct 15 and the gas outlet opening 14 at a temperature 
between 500»C and 1000°C. 

As set forth above, the gaseous flow F1 , once col- 
5 lected and fed into the duct 15, is no longer in thermal 
connection with the reaction gas passing through the 
tubes 6 and thus there is advantageously avoided unde- 
sired heat exchange between the reacted gas and the 
reaction gas. 

io In addition, the expansion rates of the various parts 
of the apparatus 1 - especially of the tubes 6 and the 
duct 15 - due to the different materials and thermal 
stress to which they are subjected, are effectively com- 
pensated by the particular structure of the chamber 9 

75 and the duct 1 5 and by the arrangement of the sealing 
means 16, which permit movement of the various parts 
and at the same time prevent undesired gas leakage. 

It is important to note that the use of these sealing 
means does not negatively influence the construction 

20 simplicity of the apparatus according to the present 
invention. 

In the examples of FIGS 1 and 2, the tubes 6 are 
advantageously arranged in a tube bundle so as to opti- 
mize the occupation rate of the heat exchange zone 5. 

2s In addition, to increase the surface area available 
and thus improve heat exchange, the tube bundle is 
preferably equipped with appropriate diaphragms 22 
and the tubes 6 have fins (not shown). 

For an ammonia synthesis process, the hot gas 

30 flow F2 comprises preferably the gaseous flow coming 
from the secondary reforming section. 

From the foregoing, the numerous advantages 
achieved by the present invention are clear, in particular 
that of obtaining a reliable reforming apparatus which is 

35 structurally simple and easy to construct and which 
allows methane reforming with low energy consumption 
and operating and maintenance costs. 

Claims 

40 

1 . Reforming apparatus for the conversion of methane 
and steam into CO, C0 2 , and H 2 of the type com- 
prising: 



45 - a substantially cylindrical external shell (2) in 
which are defined an indirect heat exchange 
zone (5) and a zone (4) for feeding a gaseous 
flow comprising methane and steam to the indi- 
rect heat exchange zone (5); 

so 

an opening (11) formed in said shell (2) for 
feeding in said indirect heat exchange zone (5) 
a heating gas flow as heat source for said con- 
version; 

55 characterized in that it also comprises: 

- a plurality of floating head tubes (6) con- 
taining a reforming catalyst, extending lon- 
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grtudinally in said indirect heat exchange 
zone (5) and in fluid communication with 
said feeding zone (4); 

- a chamber (9) for collecting a gaseous flow s 
comprising CO, CO2, and H 2 obtained 
from said conversion and positioned down- 
stream of satd tubes (6); 

- a duct (1 5) open in said collection chamber 10 
(9) for extracting from the shell (2) said 
gaseous flow comprising CO, C0 2 , and 

H 2 . 

2. Apparatus according to claim 1, characterized in 15 
that said extraction duct (15) is arranged coaxially 
with said shell (2) and extends parallel to said tubes 

(6) through said indirect heat exchange zone (5) 
and said feeding zone (4), from said collection 
chamber (9) to a gas outlet opening (14} from said 20 
shell (2). 

3. Apparatus according to claim 2, characterized in 
that there are provided suitable gas sealing means 
(16) between said duct (15) and a tube plate (3) 25 
positioned between said feeding zone (4} and said 
indirect heat exchange zone (5). 

4. Apparatus according to claim 3, characterized in 
that there are provided suitable gas sealing means 30 
(16) between said duct (1 5) and said shell (2). 

5. Apparatus according to claim 3, characterized in 
that there are provided suitable gas sealing means 
(16) between said tube plate (3) and said shell (2). 35 

6. Apparatus according to claims 3 to 5, characterized 
in that said gas seating means (16) are arranged 
near said outlet opening (14). 

40 

7. Apparatus according to claims 3 to 5, characterized 
in that said gas sealing means (16) are of the com- 
pression ring type. 

8. Use of a seal of the compression ring type in an 45 
apparatus for carrying out endotnermtc or exother- 
mic chemical reactions, in particular reforming 
reactions, to ensure gas seal between structurally 
distinct parts having different thermal expansion 
rates. so 
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